Background-Research has demonstrated associations between smoking and reading skills, but other literacy skills such as speaking, listening and numeracy are less studied despite our dependence on the use of numbers and the oral exchange to deliver information on the risks of smoking.
Introduction
Although both population-based and clinical interventions have been successful in lowering rates of cigarette smoking in the U.S. over time, the prevalence of smoking remains considerably higher than the Healthy People 2020 objective of 12%. 1 Achieving this goal requires a rethinking of strategies to reduce smoking uptake and increase smoking cessation. Understanding the role of literacy skills in smoking uptake and cessation may provide important insight.
Several studies have identified an inverse association between reading skills and cigarette smoking. [2] [3] [4] [5] [6] Other skills such as oral language (speaking), aural language (listening) and numeracy are less studied, despite our dependence on the oral exchange to communicate options for smoking cessation and use of numbers to deliver information on the risks of smoking.
The objective of the current study was to use a large community-based sample to evaluate the individual and combined effects of reading, numeracy, speaking and listening skills on 1) becoming a regular weekly smoker, 2) smoking cessation among regular smokers, and 3) the amount of cigarettes smoked among current smokers. Identifying which skill(s) are most strongly associated with smoking-related decisions may help stakeholders develop and deliver messaging that is clear, informative, and actionable.
Methods

Study Population
Participants were adult offspring of pregnant women enrolled in the National Collaborative Perinatal Project (NCPP) between 1959 and 1966. 7 In 2001, the New England Family Study (NEFS) was established to locate and interview the now-adult cohorts of the Providence, Rhode Island and Boston, Massachusetts NCPP sites. As part of the NEFS, a stratified random sample of 914 participants in their mid 40s was selected for a study designed to assess pathways linking education and health 8 ; stratification was based on educational attainment. A total of 618 respondents (67.6%) were successfully located and interviewed. This assessment was approved by the Human Subjects Protection Committee of the Harvard School of Public Health.
Measures
Health literacy-Speaking was assessed by the WJ III achievement test "Story Recall," in which participants listen to a pre-recorded short story and are then asked to repeat the story back to the interviewer. Scores are based on the correct number of words or phrases repeated. 9 Grade equivalent scores were used for oral language, aural language and reading and ranged from kindergarten (when children are 5 or 6 years of age) to greater than 18.0 years of education (i.e., an advanced degree).
Listening was assessed by the WJ III achievement test "Understanding Directions," in which participants are given an illustrated drawing and are asked to follow pre-recorded directions to point to objects in the picture. Difficulty increases as drawings become more complex and the tasks increase in number of components. Scores are based on the number of correct tasks completed. Reliability and validity for these tests of achievement are good: For "Story Recall" and "Understanding Directions", the one year test-rest reliability was 0.70 and 0.88, respectively. 9 Reading comprehension was assessed using the "Passage Comprehension" test from the WJ III Tests of Achievement, where individuals fill in missing words from a sentence from a list of multiple choice answers. Reliability and validity for this test are also good; the one-year test-retest reliability was 0.92. 9 Numeracy was assessed using eight items from the scale developed by Lipkus and colleagues. 1011 . Three items were dropped from the Lipkus scale (item number 2 from the general numeracy scale, and items 3 and 7 from the expanded numeracy scale) due to time constraints for the full protocol. Analogously to Lipkus 10 we conducted a factor analysis using the 8x8 matrix of tetrachoric correlations on this shortened scale, used to assess the correlation among dichotomous variables. Factor analysis confirmed a one-factor solution, with all 8 items loading on the first factor (individual loadings each exceeded 0.4). The first factor accounted for 86.25% of the variance. Numeracy scores were based on the total number of correct responses (range: 0-8, mean=5.47, SD=1.85).
Smoking-Participants were classified as an ever-regular smoker if they reported that they had ever smoked at least once per week for two months or longer. Ever-regular smokers were further classified into current smokers and former smokers, based on their response to the question "Do you smoke cigarettes now?" Current smokers also reported how many cigarettes they smoked per day; this number was log transformed in analyses to satisfy regression assumptions.
Demographic predictors-Educational attainment was transformed into the number of years of formal schooling ranging from 7-21 years, and had a low to moderate correlation with reading (0.43), numeracy (0.42), listening (0.33) and speaking (0.28). Annual income was categorized as <$20,000, $20,000-60,000, and greater than $60,000. Race/ ethnicity (i.e., non-Hispanic white, non-Hispanic Black, Hispanic/other), age, and gender were self-reported.
Missing values and imputation
Six individuals were missing current smoking status and were excluded from all analysis. A total of 112 individuals (18.3% of sample) had missing values for at least one covariate. Missing values were multiply (five times) imputed in STATA 11 using the ICE (Imputation by Chained Equations) package. 12 Imputation did not significantly change the demographic makeup of the sample or range of literacy skills.
Analysis
We used multivariable logistic regression to assess the individual, combined, and interactive associations between literacy skills and ever-regular smoking, and between literacy skills and quitting smoking. We used multivariable linear regression to examine the association between literacy skills and log number of cigarettes per day among smokers. Models were first fit with each literacy skill individually, and then all four skills were examined simultaneously. Given that the sample contained siblings, regression models contained random intercepts to account for clustering within families. Regression models were computed separately for each imputed dataset and the results were combined across imputations according to Rubin's rule. 12 Analyses were adjusted for education, race/ ethnicity, gender, income, and age. For analyses of smoking cessation and current amount smoked, age at smoking onset was also included as a covariate. Table 1 presents the sociodemographic characteristics and literacy skills among current smokers, former smokers (those who have quit) and never regular smokers. The sample contains 27.1% current smokers, 29.6% former smokers, and 43.3% never-regular smokers.
Results
No literacy skills were associated with becoming a regular smoker or the number of cigarettes smoked among current smokers. However, both reading and numeracy were significantly associated with smoking cessation among those who had ever been regular smokers ( 
Discussion
Both reading and numeracy were significantly and positively associated with successful smoking cessation. These findings suggest that how well one is able to locate, understand and use information related to the risks of smoking may impact his or her decision to quit. As a result, more attention may need to be paid in how we relay such information to current smokers to ensure that the messages are easily understood and actionable by all individuals regardless of literacy level.
This study provides important insight for further research and practice. Materials designed to inform the population about the dangers of smoking and options for smoking cessation support should be written using plain language standards 13 , which is understood better and appreciated by the majority of individuals, regardless of literacy level. [14] [15] [16] Newer intervention strategies such as the use of text messaging 17 and emails 18 also draw heavily on reading skills and should be tested and developed with the literacy skills of participants in mind. More work is also needed on how to most effectively communicate the concepts of risk to the general population to help in the decision not only to quit, but to understand the probability of success or relapse for the various smoking cessation methods available.
There are several limitations of this study worth noting. The sample consists of individuals living in Providence, RI and Boston, MA and as a result, may not be generalizable. All respondents were born in the United States, and the interviews were conducted in English. Our study is also cross sectional; causality cannot be assumed. While our measures were used to approximate health literacy skills, the skills themselves were not assessed within a health context and, thus, cannot be considered measures of health literacy.
Our findings suggest a need to better understand the association between a wide range of literacy skills and smoking status. More work is also needed to understand the mechanisms behind the association, which may have important implications for the development of prevention and cessation strategies and for clear communication about the risks of smoking. Table 2 Multivariable associations between literacy skills and smoking cessation among regular smokers 1 (n=347). 
